Background: Urbanization is one of the leading causes of habitat loss, habitat degradation, and fragmentation. Urban development negatively affects biodiversity. We clarified changes in butterfly communities due to urbanization in urban green areas. Results: In total, 59 species and 1,465 individuals of butterflies were observed in the four urban green areas -Namsan Park (NS), Ewha Womans University (EW), Bukseoul Dream Forest (BD), and Hongneung Forest (HF) -and a natural forest, Gwangneung Forest (GF). The categories of land use around the study sites were determined based on GIS data. Species richness and density of niche breadth and habitat type in the four urban green areas differed mostly from those in GF. Estimated species richness and species diversity (H') in the four urban green areas were significantly lower than those in GF. Species richness and density of forest interior species and specialist species were positively correlated with paddy, field, and forest, whereas those of forest interior species and specialists were negatively correlated with urban area and road. Species composition and community structure of butterflies in the four urban were differed from those in GF.
Background
Urbanization is usually considered to impact biodiversity (Blair and Launer 1997; McKinney 2002 McKinney , 2006 McKinney , 2008 Bergerot et al. 2011) . Cities are generally grown in terms of human population size over time (Grimm et al. 2008 ). This growth is accompanied by an expansion of urban areas. Changes in habitat quality and quantity associated with urbanization have negative influences on biodiversity. Plants and animals have frequently experienced local extinction in urban area due to habitat loss, habitat degradation, and fragmentation (McKinney 2002; Clark et al. 2007) . Studies on the effects of urbanization on biodiversity in urban areas compared with rural areas have shown different species compositions and less abundance of organisms: e.g., mammals (George and Crooks 2006) , amphibians (Osawa and Katsuno 2005; Hamer and McDonnell 2008) , birds (Motegi and Yanai 2005; Rubèn and Ian 2009) , ground beetles (Niemelä et al. 2002; Lee and Ishii 2009; Lee and Kwon 2013) , ants (Yamaguchi 2005; Lee and Kwon 2013) , and butterflies (Imai 2004; Lee and Kwon 2012; Bergerot et al. 2011) .
Butterflies are a useful bio-indicator because they can be readily surveyed, and they react rapidly to environmental changes due to their short generation time, high mobility, and specific habitat preferences (Clark et al. 2007 ; Lee et al. 2014) . Butterflies are also well known both taxonomically and ecologically (Honda and Kato 2005; Kim et al. 2011) . Butterfly communities are greatly affected by vegetation changes because most butterfly larvae have strong associations with host plants, and adults require a specific range of nectar plants (Thomas 1995; Honda and Kato 2005) . Butterflies are known to respond sensitively to the effects of urbanization (Clark et al. 2007 ; Lee and Kwon 2012; Lizée et al. 2012 ). An increase in urban features, such as buildings, roads, and population growth, correspond to a decreases in butterfly species richness, diversity, and abundance (Ruszczyk and De Araujo 1992; Blair and Launer 1997; Stefanescu et al. 2004; Dover and Settele 2009) . Most butterfly studies on urbanization have investigated environmental variables using qualitative methods, aerial photographs, or Landsat TM data (Ishii et al. 1991; Fujii 1994, 1997; Blair and Launer 1997; Imai 2004; Mauro et al. 2007 ). However, a GIS method can more concretely analyze the land use conditions. Changes in environmental factors due to urbanization can be evaluated using a GIS method.
Since the 1960s, Korea has urbanized rapidly with economic development and the population growth concentrated in the cities (Kim 2008) . Seoul, the capital, is the most urbanized area. Metro Seoul is divided into north and south by the Hangang River. Seoul is surrounded by Mt. Bukhan-san, Mt. Sulak-san, Mt. Kwanak-san, Mt. Cheongryang-san, and Mt. Cheoma-san. Recently, about 46.3% of the Korean population lives in Seoul and the greater metro capital area (Lee 2003) . Most areas in Seoul are comprised of houses, apartments, and other buildings. However, there are also large urban green areas, such as ancient palace gardens, university campuses, urban parks, urban forests, and arboretums are scattered around Seoul. Urban green areas remained like green islands separated from other surrounding natural areas. Urban green areas play an important role in urban environments as habitats for organisms as well as recreational areas for humans (McKinney 2008) . Urban green areas with significant ecological value should be protected and managed to maintain biodiversity and recreational value.
In this study, we explored the relationships between butterfly diversity and environmental variables based on GIS. Specifically, we sought to answer three questions. (1) How does the butterfly community in an urban green area differ from that in a natural forest? (2) Which species are more vulnerable to the effects of urbanization? (3) Which environmental factors influence (positively or negatively) the butterfly communities? Finally, we suggest an alternative to increase butterfly diversity in urban areas.
Methods

Study sites
We chose four urban green areas and one natural forest as a control (Figure 1 ). Namsan Park, Bukseoul Dream Forest, and Hongneung Forest are surrounded by apartment complexes, residential areas, and roads. Ewa Womans University is located near to natural forests. Gwangneung forest, a natural forest, is one of the most protected forests in Korea.
Namsan Park (NS: N 37°33′, E 126°59′) is a mountain that symbolizes Seoul. NS is one of the most famous Figure 1 Map of the study sites. NS, Namsan Park; EW, Ewha Womans University; BD, Bukseoul Dream Forest; HF, Hongneung Forest; GF, Gwangneung Forest. urban parks in Seoul, largely because of the N Seoul Tower (236.7 m). It is located in the heart of Seoul, hanging over Jung-gu and Yongsan-gu. About 10,000 people visit during the slow season and 30,000 during the peak season. In total, 552 species (191 woody plants, 361 herbaceous plants) belonging to 85 families grow on 103 ha (Parks of Seoul 2014). Broadleaf trees account for 76.6% and needle-leaf trees, like pine trees and pine nut trees, account for 23.3%. The major tree species are Quercus mongolica, Robinia pseudoacacia, and Prunus serrulata var. spontanea (Parks of Seoul 2014). The butterfly survey in NS was carried out on an asphalt road of about 2.5 km in length.
Ewha Womans University (EW: N 37°33′, E 126°56′) is located at Seodaemun-gu in Seoul. EW is located near to Mt. Bukak-san and Mt. An-san and its area is about 59 ha. EW is occupied mainly by buildings and paved roads. However, many gardens and natural forest remnants are managed. The major tree species are Zelkova serrate, Q. mongolica, and P. serrulata var. spontanea. The butterfly survey in EW was carried out on an asphalt road of about 2 km in length.
Bukseoul Dream Forest (BD: N 37°37′, E 126°2′) is located at Gangbuk-gu and Seongbuk-gu in Seoul. BD is composed of Mt. Opae-san (123 m) and Byeoko-san (135 m) (Dream Forest 2014) . The area of BD is about 66 ha. The major tree species are Q. acutissima, Pinus koraiensis, P. densiflora, and Robinia pseudoacacia. Large natural forest remnants remain and many gardens, a zoo, and a fountain were created for visitors. The butterfly survey in BD was carried out on a forest road and a dirt road of about 2 km in length.
Hongneung Forest (HF: N 37°35′, E 126°2′) is located at Dongdamun-gu in Seoul. HF is an experimental forest established by the Korea Forest Research Institute. The area of HF is about 41 ha. As of 2011, 20,000 plants in 157 different families and 2,035 species (1224 woody plants and 811 herbaceous plants) grow in the 41 ha forest (Cho et al. 2011) . The major tree species are Alnus sibirica, Pinus rigida, and Robinia pseudoacacia. In some areas, Chamaecyparis pisifera and native trees including P. koraiensis and Abies holophylla have been planted in a multi-layered structure (Cho et al. 2011) . The butterfly survey in HF was carried out on a forest road of about 2.5 km in length.
Gwangneung Forest (GF: N 37°44′, E 127°9′) is located at Pocheon-si in Gyeonggi-do, mid-western Korea. The natural forest is older than 100 years and composed mainly of Quercus serrata and Carpinus laxiflora (Lee et al. 1990 ). In South Korea, old deciduous forests (>100 years) such as GF are now rare. The butterfly survey in GF was conducted on a forest road of about 2 km in length, and included the 'long-term ecological research' (LTER) site of Korea Forest Research Institute.
Butterfly surveys
The survey was carried out by steadily walking along the survey routes and recording butterflies observed within a 10 m width along the routes, using the line transect method (Yamamoto 1975; Pollard and Yates 1993) . This method has been extensively used to survey and monitor butterfly populations and communities (Honda and Kato 2005; Clark et al. 2007; Lee et al. 2014) . The survey was conducted during the adult flight season, one time in April and October and twice from May to September 2012. In total, 12 surveys were carried out on each survey route. The butterfly census was carried out from 10:00 a.m. to 14:00 p.m. in clear weather without clouds. When identifying species by sight was difficult, the butterflies were caught using a net, identified, and released.
Habitat type and niche breadth
Butterflies were classified according to their habitat type and niche breadth. Habitat type was determined based on their larva habitats, such as grassland species (GL), forest edge species (FE), and forest interior species (FI). If a species was found in more than one habitat, the habitat was considered the one in which the species was most often observed. Niche breadth modified the method of Kitahara and Fujii (2005) and used diet breadth and voltinism (number of generations per year) to determine the niche breadth of each species. Diet breadth was classified into two categories based on range of host plant species by larvae. Feeding specialists are species feeding on plants of one plant genus, whereas feeding generalists are species feeding on more than one plant family. Univoltine species are classified as seasonal specialists, whereas multivoltine species are classified as seasonal generalists. If a species was a feeding specialist and seasonal specialist, it was considered as specialist species. If a species was a feeding generalist and seasonal generalist, it was considered as generalist species. Intermediate species was species with specialist in one of the two ecological traits. Habitats, voltinism, and the range of host plant species of all butterfly species in South Korea are shown in Kim et al. (2012) .
Land use analysis
The land use data were collected from a 1:25,000 digital map from the National Geographic Information Institute. The patterns of the sounding environment of survey routes at the five study sites were analyzed using GIS. Previous studies suggested that circle of radius 5 km was most appropriate for considering the influence of the landscape on butterfly communities (Hanski and Kuussaari 1995; Bergman et al. 2004 ). However, 5 km radius in the urban green areas in Seoul included some natural forest. Thus, land use within a width of 3 km along the survey route was analyzed. The category of land use was clarified as seven types: paddy, field, park and green space, forest, urban area, road, and river and pond. Urban area includes residential area, industrial area, commercial area, and public facilities. Seven types of land use were modified by the percentage for analysis.
Data analysis
Species richness (number of species) and species diversity were evaluated by 'Estimate S' (Colwell 2005) . Species richness was estimated by 'Jack 1' (Heltshe and Forrester 1983; Palmer 1990 ) and species diversity was estimated by the Shannon diversity index (Shannon and Weaver 1949) . Species richness (Jack 1) and species diversity (H') obtained from Estimate S were compared using a two-sample t-test (Zar 1999) . The χ 2 test was used to compare differences in species richness and density (abundance per 1 km transect) of habitat type and niche breadth between study sites (Zar 1999) . The relationships between categories of land use and the butterfly index were examined using a Pearson correlation analysis. Correspondence analysis (CA) was used for ordination of the butterfly communities. CA ordination used 23 butterfly species that appeared at two or more of the study sites. The number of butterfly individuals was log-transformed (ln N +1) to achieve a normal distribution of the data. The environmental factors used were percentage of paddy, field, park and green space, forest, urban area, road, and river and pond based on the GIS data. CA was conducted using PC-ORD (ver. 5.17) (McCune and Mefford 1999) . Statistical analyses were performed using STATISTICA ver. 8.0 (StatSoft Inc. 2004) .
Results
In total, 1,281 butterflies belonging to 57 species were observed (Table 1) . There were 316 individuals of 38 species in GF, 342 individuals of 20 species in BD, 340 individuals of 19 species in HF, 161 individuals of 18 species in NS, and 122 individuals of 15 species in EW. Density was highest in BD (14.25), followed by GF (13.17), HF (11.33) and NS (5.37), and was lowest in EW (5.08). Zizeeria maha was the most abundant species, with 301 individuals (23.5% of all individuals). Pieris canidia (14.4%), Pieris rapae (11.6%), and Libythea lepita (10.4%) were also abundant. However, Z. maha and P. rapae were not observed in GF.
When habitat type was considered (Figure 2 ), species richness and density in the four urban green areas differed significantly from those in GF (species richness: χ 2 = 8.92-17.54, df = 2, P = 0.012-0.000; density: χ 2 = 8.70-18.52, df = 2, P = 0.013-0.0001). When niche breadth was compared between study sites (Figure 3) , species richness and density in the four urban green areas differed significantly from those in GF (species richness: χ 2 = 7.30-8.16, df = 2, P = 0.026-0.017; density: χ 2 = 6.31-17.43, df = 2, P = 0.042-0.0002), except for species richness between EW and GF (χ 2 = 4.68, df = 2, P = 0.096). The comparison of species richness and (Jack 1) and species diversity (H') using Estimate S are shown in Figure 4 . Estimated species richness was highest in GF (58) and was lowest in EW (20). Estimated species richness in the four urban green areas was significantly lower than in GF (t = 3.87-5.04, df = 26, P < 0.001). Estimated species richness was significantly different between EW and BD (t = −2.37, df = 26, P = 0.026) and EW and HF (t = −2.10, df = 26, P = 0.045). Species diversity was highest in GF (2.41) and lowest in BD (1.81). Species diversity in the four urban green areas was significantly lower than that in GF (t = 2.47-5.35, df = 26, P = 0.02 -< 0.001), except for GF and EW (t = 1.128, df = 26, P = 0.27). Also, species diversity was significantly different between NS and BD (t = −2.20, df = 26, P = 0.037), EW and BD (t = 3.40, df = 26, P = 0.002), and BD and HF (t = −3.19, df = 26, P = 0.004).
The percentage of urban area in NS, EW, BD, and HF was over 70%, whereas that of forest in NS, EW, BD, and HF was below 17% ( Table 2 ). The percentage of road in NS, EW, BD, and HF was over 5.1%, whereas that of GF was 0.1%. Butterfly species richness, and species richness and density of forest interior species and specialist species were positively correlated with paddy, field, and forest, whereas those of forest interior species and specialist species were negatively correlated with urban area and road (Table 3) . Density of forest edge species was negatively correlated with park and green space. Species richness of intermediate species was positively correlated with paddy, field, and forest, whereas that of intermediate species was negatively correlated with urban area and road. Similarity relationships of the butterfly communities in the five study sites were visualized using CA ordination ( Figure 5 ). Axis I (92%) and Axis II (5%) explained 97% of the total variation. Butterfly communities were separated along Axis I. The butterfly communities in the four urban green areas differed from that in GF and were more similar in BD, NS, and HF.
Discussion
Our data show that butterfly species richness was negatively correlated with increasing urbanization (urban area and roads), whereas it was positively correlated with paddy, field, and forest. Species richness and density of niche breadth and habitat type in the urban green areas differed mostly from those in GF, a natural forest. Species richness and density of forest interior species and specialist species were positively correlated with paddy, field, and forest.
In our study, 26 species, such as Parnassius stubbendorfii, Luehdorfia puziloi, Wagimo signatus, were observed only in GF. Among them, specialist species accounted for 57.7% and forest interior species accounted for 73.1%. Clark et al. (2007) showed that rare and specialized species were most affected by urbanization and the decrease in butterfly species richness was associated with increased urban areas. Butterfly species richness was lower as urban intensity became higher along an urban-rural gradient (Ruszczyk and De Araujo 1992; Fortunato and Ruszczyk 1997; Stefanescu et al. 2004; Posa and Sodhi 2006; Clark et al. 2007 ). Our results were consistent with those previous studies. Stefanescu et al. (2004) found loss of butterfly species richness was detectable in highly humanized landscapes although good butterfly habitats predominated along transects. The patterns of land use in urban areas contributed to declines in butterfly species richness (Casner et al. 2014) . Posa and Sodhi (2006) reported that urbanization was detrimental to forest butterfly species. Butterflies specialized in both host plants and timing of reproduction disappeared with declining richness across sites 2.9-4.5 times faster than did generalists and less restricted specialists (Clark et al. 2007 ). Our study showed that species richness and density of specialist species in the four urban green areas were significantly lower versus those of specialist species in GF. Butterfly species with few larval host plants are more at risk than generalists, which can use a wider range of resources. Specialist species will be restricted to areas where they can lay their eggs because they are highly dependent on their host plants for survival. Six of seven Neptis species were found only in GF and they are specialist species and forest interior species except for Nepis alwina. Nepits species may be vulnerable in urban green area. One cause of the decline of Nepits species in urban green areas may be loss Figure 2 Species richness and density of habitat type of butterfly observed at five study sites. Species richness (number of species) and density (abundance per 1-km transect) of habitat type (forest interior species, forest edge species, and grassland species) of butterfly observed at five study sites. Different letters above the bars indicate significant difference. Figure 4 Estimation of species richness (Jack 1) and species diversity (H') of butterfly at five study sites. Species richness and species diversity were obtained using Estimate S (Colwell et al. 2004 ). Different letters above the error bars indicate significant difference. The error bars indicate one standard deviation. These trees were not located in urban green areas, Korea (S-SK, personal observation). In GF, Carpinus cordata and Carpinus laxiflora are one of dominant trees (Lee et al. 1990 ). Host plants of N. thisbe and N. ilos are Quercus serrate and Quercus sp., respectively. These trees were located in urban areas. However, Two Neptis species were not found in urban green areas because they may favour low temperature habitats as forests compared with urban green areas (S-SK, personal observation). In Osaka City, Japan, the numbers of butterfly species richness decreased from 50 in the early 1930s to 30 in the late 1980s because of the effects of urbanization (Imai 1998) . Imai (1998) found that the decrease in species richness was remarkable in univoltine and/or forestpreferring species groups. Similarly, the proportion of generalist species richness increased with the developing urban areas in Tsukuba City, Japan Fujii 1994, 1997) . Our study found that the proportion of generalist species richness was more than 53% in the urban green areas. Additionally, some studies have shown that butterfly species richness peaked in sites with intermediate disturbances (Blair and Launer 1997; Blair 2001; Hogsden and Hutchinson 2004) . Our study was conducted relatively large urban green areas and a natural forest in a rural area. Further study will need to study butterflies in urban green areas of various sizes in order to clarify the effect of intermediate disturbances.
Responses to the effects of urbanization differ among butterflies. Hiura (1973) found that forest species, sedentary butterflies, univoltine species, and wild-tree feeders were greatly influenced by urbanization. In Osaka City, Japan, drastic decreases in species richness were first observed in Hesperiidae between the 1930s and 1950s, second in Satyridae between the 1950s and 1960s, and third in Pieridae between the 1970s and 1980s (Imai 1998) . Species richness in Hesperiidae was most markedly decreased in urban green areas, suggesting that this family is most sensitive to habitat isolation through urbanization, except highly migratory species, such as Parnara guttata (Imai 2004 ). In our study, Hesperiid species richness in the urban green areas was lower than that in GF. P. guttata was observed in NS, BD, and HF. However, Burara aquiline, Satarupa nymphalis, and Thymelicus leoninus were only observed in GF. These three species have been not observed in urban green areas in Korea . The response of Satyridae to urbanization showed a similar trend with that of Hesperiidae (Imai 2004) . In our study, Mycalesis francisca and M. gotama were absent from the four urban green areas. However, the Korean distribution of the two species has broadened recently because of vegetation changes due to the success of reforestation . Ishii et al. (1991) noted that Satyrid species disappear in urban green areas because they are mainly forest species, sedentary butterfly, and wild-tree feeders. Furthermore, Ishii (2001) showed that the percentages of bamboo-grass feeders, univoltine species, and non-migratory species were lower in urban parks compared with those in Satoyama. However, urban landscapes often have high species diversity, even including rare and threatened species (Shepherd 1994) . Spindasis takanonis, an endangered Korean species, has been observed in the Hongneung Forest . This species lives mainly at the forest edge of urban and suburban areas in Korea. Lee and Kwon (2012) suggested that there is a case that urban green areas play important roles in the conservation of rare species.
In contrast, Hiura (1973) suggested that grassland species, cultivated plant feeders, multivoltine species, and migratory species will be remained in urban areas. Papilionidae, Pieridae, and Lycaenidae did not differ greatly between urban and suburban areas, and species richness of the three families increased from small urban green areas to large urban green areas (Imai 1998) . In the present study, P. rapae, Papilio xuthus, and Z. maha were observed in the four urban green areas, but not GF. These three species are included in the 'strong' species for urbanization suggested by Hiura (1973) . P. rapae was one of the most common species in urban green areas in Korea (CML, personal observation). Kocher and Williams (2000) noted that P. rapae was found in higher abundance in disturbed than that in undisturbed habitats. Takami Figure 5 CA ordination of butterfly communities. Two axes explain 97% of total variation. Singleton species which occurred one site were excluded in CA ordination. et al. (2004) suggested that P. rapae could tolerate high temperatures caused by urban warming, and could use ephemeral habitats within cities, such as gardens and vacant land. P. xuthus was observed in all urban parks of various sizes (2.0-126 ha) in and around Osaka City, Japan (Imai 1998) . P. xuthus did not decrease during the grassland removal and deforestation period in Kanazawa Castle Park, Japan (Ohwaki et al. 2008) . It is thought that P. xuthus may tolerate disturbances by humans because this species has a high dispersal ability and a broad range of food resources. In the present study, Z. maha was the most dominant species. Ishii et al. (1991) showed that Z. maha was a dominant species in urban parks, which had large areas of grassland. In Korea, this species was often observed on grassland in the urban green areas (JWR, personal observation). The host plant of Z. maha is Oxalis corniculata, which is very common weed in urban area and cities and is located nationally in Korea (Lee 2013) . Recently, Z. maha seems to be abundant because this species can now survive the milder winters due to climate change in the central part of Korea (CML, unpublished data).
Butterfly species richness decreased as the distance from the nearest mountain increased (Imai 1998) . In the present study, EW was located near to Mt. Ansan and Mt. Inwansan. However, butterfly species richness was lowest there, in this study. The butterfly community in EW was separated from that in BK, HF, and NS. Although there were gardens and trees, the butterfly community seemed to be negatively influenced by the many buildings and asphalt roads. The relationships between butterfly diversity and the influence of built elements have been shown to be significant (Lizée et al. 2012) . In our study, butterfly species richness, species richness of forest interior species, specialist species, and intermediate species and density of forest interior species and specialist species were negatively correlated with urban area and road.
Conclusion
In conclusion, our results suggest that the decrease in paddy, field, and forest associated with the increased urban area and road negatively influenced species composition and changed butterfly communities. Biodiversity in urban area decreases due to the increase of areas such as residential area, industrial area, and commercial area associated with the decrease of natural environment. Urban areas homogenize the physical environment to satisfy the needs of humans. Therefore, improving biodiversity is important for comfortable human living in urban areas. We propose to plant trees and make biotope or butterfly garden in urban parks, factory sites or universities in order to increase biodiversity.
